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Low-cost LCDs implement bar-graph displays 



Sergio Zigras, Pmuuhus^ NJ 

You can easily implement LCD bar-graph displays in cost- 
sensitive designs by using widely available, low-cost, 
alphanumeric LCDs. Bar-giaph displays indicate voltage, 
current, power, battery and fuel gauges, and sound level (in 
decibels), for example. The method uses a 16-chaTacter-by- 
one-line, 5> 8-dot LCD. In general, all dot-matrix alphanu- 
meric LCDs, ! ii as one line by 16 characters or four lines 
by 20 characters, have idaitical features except for their size 
and dot-character paiameteRt. These displays Incorporate 
HAM (called the character-geoeratoi (CG) EAM) for eight 
user-defined characters. 

This bar-graph display (Figure 1) uses only 3 bytes, but 
you could use all 5 lines for better resolution. In that case, 
you would use 5 bytes of tiie available iBer RAM instead of 
3, and the translating algorithm would become longer (Fig- 
ure 2). Alternatively, you could use a two-line L(T.>: the top 
line for alphanumeric data and Uie second line for a bar- 
giaph display. You can obtain the LCD initializatioa .|nd 
support routines, as weD as the user- , — - ■ ■ 
defined character-generation methods, 
from the LCD manufacturer (such as 
Optrex Corp, Torrance, CA). 

This example displays current in 
milllamps. It uses 48 bars (16 charac- 
tersx3) and defines each bar to equal 3 
mA. The total displayed current is 
48x5=240 mA. The variables and con- 
stants in the flowchart are MA for the 
current sample, S_BAR for the single- 
bar byte, D_BAR for the du il-bar byte, 
and T_BAR for the triple-i'.ir byte (Fig- 
ure 2). These are the user-defined char- 

racters stored in the CG RAM. The 16- 
character counter is CNTR, the 15 -umt 
parameter is UNIT_1S, the 10-unit 
parameter is UNIT, 10, and the five- 
unit parameter is UNir_5. l liesc pata- 
^ ^ meters represent 15, 10, and 5 mA. (Dl 
IM%2078) 




Low-cost alphanumeric LCDs lead a dual life and mafc« kleal 
elements for ImplemenUnfl byjiriri^liisiia^ ^ ^ 



To Vote For This Design, Circle No. 309 



Using the algorithm in thb flowchart, 
■ ^ you can use an alphanumeric LCD's 
||R user-accessible RAM to imptement ft f^■ 
to 240-mA bar-graph diiplay. 



Figure 2 
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Li-ion boost circuit uses ao inductors 

John Parry ano Bill McIntyre, National SEMKX)NDUcrott, Grass iGvifV CA 



To maintain a regulated 3.3V supply for portable applica- 
tions, most Li-ion batteries require a low-dropout (LDO) reg- 
ulator and a dc/dc boost circuit. This need arises because the 
typical voltage range of a Li-ion battery is 4.2V (cfeajaeU) to 




An inductorless circuit uses cliarge-pump tecliniques to lieep 
a low-dropout regulator within its regulation region when a 
li-^ion battery's voltage drops Iwlow i.€\l. 



2.5V (before recharge). The regulator alone suffices in the 
battery range of 4.2 to 3.5V, but below that level, the battery 
voltage needs boosting to keep the I.DO IC in regulation. The 
circuit in Figure 1 senses the battery voltage via the Rj-R^ 
resistor divider at compaiator IC^, The eomparator turns oft 
the converter when the battery voltage exceeds 3.6V. 

When the converter is off, p-channcl MOSFET Qj is on, 
providing a low-impedance path from the battery to ICj, the 
3.3V LDO regulator, V/hen the battery voltage drops below 
3.6V, the compaiatoT turns off Q, and enables IC,, a 
switched-capacitor converter that can supply 500 mA with 
no significanl output-voltago drop. I he 3.6V threshold (300 
mV above the regulator's output voltage) allows for the out- 
put impedance of the converter and the dropout voltage of 
the regulator. This extra voltage ensures that the output volt- 
age does not drop more than 5% from the target voltage at 
50 mA. 

Instead of using a common voltage doublet, the circuit 
uses a voltage converter, IC,, for improved efficiency. This 
900-kHz chaige pump switches capaeitois and in two 
phases to create a voltage of VzXV^^^^ at output Dj is a 
Schottky diode that charges hold capacitor C3 during start- 
up. In normal operation/this diode conducts no significant 
current. (Dl #2081) 
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Remote contrcJ turns batteiy on mi off 

Allen Harstine, imssRATED Measurement Systems Im. Beaverton, OR 



The circuit in Figure 1 acts as a latching solid-state relay. A 
short application of a magnetic field in the vicinity of tog- 
gles the relay on and off. The relay switches power from a 3V 
battery at load currents as high as 10 mA. This remote switch 
is ideal for battery-powered applications. In the off state, the 
circuit draws no current; in the on state, the circuit draws 
only 100 jjlA. All the parts are inexpensive and readily avail- 
able. 

A magnetic field near S,'s reed switch closes the switch. 
The closing of S, causes emitter-base current to flow in Q, 
through the path of and D^. This current flow forces Q, 
into saturation, and the battery voltage switches to the out- 
put. The presence of an output voltage switches to the on 
state; then latches Qj on. 

The unique feature of the relay is its ability to toggle. A 
short, temporary application of the magnetic field causes the 
relay to latch to the on state; a greater-than-l-sec application 
of the field causes the relay to latch to the off state. The off 
switching occurs because of C/s voltage-doubling action. 
When S, closes, slowly charges C,. When S, opens, the 
voltage at the anode of D, is equal to the sum of the voltage 
across Cj and the battery voltage (through R^). D, conducts 
the resulting current to the base of Q,, which ovierdllves the 



Figure 1 
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The duration of the magnetic fi^ applied to S determines 
whether Ihls relay drcun latdiM to Itiie on or on state 

latching current from and turns off Q,. Once Qj is of f. 
releases its ]atchin|; signal, (DI #2074) 
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Current source forms unusually simple regulator 

Kennan HmmKX, BSI MLBcmtrntcs^ San FRAtmscQ, CA 



Figure 1 



o- 



INPUT 



A simple regulator uses a switching cur- 
rent source to drive a pair of shunt 
zener regulators (Figure 1). The circuit 
is a modification of the Design Idea 
"Simple regulator has one active part" 
{EDN, March 16, 1995, pg 44). At 
power-on, the small current through R, 
raises Q^'s gate voltage, thereby start- 
ing to turn on Q,. Increasing current in 
Lj then creates a voltage drop in Rj, 
while Lj's current charges toward its 
ultimate i^V (set by D^). While these 
events are occumng, R^'s voltage cou- 
ples via to Q/s gate, rapidly turning 
off Qj. With fully turned off, L,'s 
current continues to flow, now 
through D, to charge C.^, for an ulti- 
mate voltage of -15V (set by D3) on C3. 

The resonant relationship of Cj and 
L, causes the C~L^ node voltage to start 
to decrease (C, discharges); that 
decrease couples, as before, through 
to Q,'s gate. Qj begins to turn on, and 
the cycle repeats. would limit Q/s 
to 15V, although it nevei reaches 
that voltage because of the drop in R,. 
The previous version of the circuit used an ordinary catch 
diode (1N4005) for D^, because the diode's longer storage 
time served to square the oscillatory wavefocm. In this ver- 
sion, however, D, must be faster to yield a reasonstble out- 
put-current capability. 

With no load, the efficiency of the circuit i.*; zero, because 
shunt regulators D3 and draw the full circuit current. The 
only other significant power-dissipating dement is Qj. At 
150V input, Q,'s voltage drop during the peak on-times 
(occupying approximately 10% of the duty cycle) is 4 to 6V. 
During the on-times, R^'s drop is approximately ]4V, so the 
instantaneous current is approximately 20 mA. The dissipa- 
tion in Qj is thus 20 mAx6VxlO%, or 12 raW. The regula- 
tor's approximate characteristics are a 170-kHz switching 
frequency, 300-nsec rise and fail times, and a 25% duty cycle. 
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Simplicity and a tow parts count reign in ttiii high-voitagc dc/dc converter. The cir- 
£iitt produces 11 5V dual outputs, for total output power of approxlinately 400 mW. 



You can vary the voltages of and to obtain voltages 
higher or lower than 15 V. 

You can ^so reduce the value of (but not by much; R^ 
paiallets C^) to increase the output-current capability. With 
R2=470fi, the available output ojrrents are approximately 
-14 and 30 mA. With cither current extreme, Q/s tab tem- 
perahiire does not exceed ZO°C or so above ambient, so you 
need no heat sink. R/s rating must be commensurate with 
the input voltage. You can increase D^'s voltage to approxi- 
mately 20V to reduce Q,'s forward drop. For reduced cost, 
you can use an IRF710 for Q, if the input voltage does not 
exceed 350V. Finally, the circuit is short-circuit-proof. (DI 
#2077) 
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Wall-cube dc/dc converter is 85% dSyent 

Stbve PiSTKiEma^ Lineak Technology Com Mh^as, CA 



Th€ ufclquitous 12V wall cube, power source of countless 
electronic products, generates an unregulated dc voltage of 
8 to 18V, depending on line voltage and load. If you use a 
linear regulator to drop the voltage to 5V, a 4CK)-mA load- 



translates to 5W worst-case dissipation in the regulator. To 
deal with the heat, you must provide adequate heat sinking, 
thereby increasing your product's size and weight. Moreover, 
custonam may object to the heat. These: faetoxs negate 
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the cost advantage (*f a linear regulator. The circuit in Figure 
1, a negative buck ccmvciter, delivers 5V at loads as high as 
400 mA from a 7 to 25 V input with peak efficiency of 85%, 
The circuit requires no heat sinking. 

Because the 1113076 (IC,) is designed to operate with a 
low input voltage, you use and to form a simple pre- 
regulator, providing i.yV to IC/s V,^ pin. The iC switches at 
600 kH?.; you can thus use a low-cost inductor and a 

10-|jlF ceramic output capacitor. You need Q, to level-shift 
the output voltage, because !C/s feedback pin uses the neg- 
ative input as a reference. (Output ripple measures 10 mV p- 
p with a 400-mA load. Tiynre 2 shows the efficiency of the 
circuit; Figure 3 gives the response of a load step from 150 
to 300 mA. 



Input bypass capacitor C, encounters worst-case rms rip- 
ple current lo half the output current: its ESR sliould 
be lower than 0.5il During construction, keep R, through 
Rj dose to IGj's FB pin and away from the SW pin to prevent 
undesirable coupling. Use a ground plane and keep the 
traces for the power components short and direct. Although 
the fact that the negative side of tlu* wall cube is not ground- 
ed might seem unsettling, remember that the 9V wall cube 
floats. The circuit merely regulates the negative side, rather 
than the more conveniaonal positive side. (DI #2079) 




An 85%-efficient dc/tk converter flllmlnales the targe, heavy Nest sink you'd need In adng a wa1t>-aibe adapter witfi a 5V Iki- 



Figure 2 
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Figure 3 
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Efficiency of the circuit in Figure 1 remains much The output voltage of the circuit in Figure 1 sags and rises only approx- 
greater than 80% for most practical comblnattoiM imately 300 mV and recovers in less than 50 (jsec for a 150-mA current 
of line voltage and load current. st^ in the load current. 
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Solar cefls implement low-cost illuminator 

Dennis Eichenberg, Parma Heights, OH 



The advent of inexpensive solai cells and low-cost "ultraca- 
pacitors" makes it possible to develop an entirely solar-pow- 
«red tnipectlofl illumlnatoi (Ftgjwe 1). The illunptostbr Is 



FtGUue 1 




I 



Why mess with short-lived, expensive batteries, when for 
about $8 you can make a solar-powered mailbox illuminator 
that fasts a Ufetlme? 



useful in exterior locations having no convenient source of 
power but needing an occasional illumination source. A 
mailbox illuminator is a typical application for this circuit. 
A mailbox is located away from power sources; you usually 
open it once a day to inspect for deliveries. It's best to avoid 
the use of batteries in this application, because temperature 
extremes severely shorten battery life. The circuit in Figure 
1 is inexpensive, compact, reliable, and rugged. 

Six 0.5V solar cells, PV^ through PVg, form a series combi- 
nation to provide 3V to the circuit under normal illumina- 
tion. A IF ultracapacitor connects directly in parallel with 
the solar cells. The S-mA solar-cell current slowly charges the 
capacitor to 3V. Switch S, closes automatically whenever you 
open the mailbox door. The closure provides 3V to the 
remainder of the circuit. Photottanslstor Qj keeps transistor 
off if exterior light exists. This feature prevents Cj from 
distliarging unless it's dark out. When it is dark out, Qj turns 
off, and turns on to provide approximately 10 sec of illu- 
mination from lamp L,. The parts are readily available from 
most distributors, and total parts cost is approximately $8. 
(DI #2080) 
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Digitally control gain over a ±40-<ffi range 



Mark Shill, Burr-Brown Corp, Tucson AZ 

Digitally controlled amplifiers typically take the form of pro- 
grammable-gain amplifiers (PGAs). Though useful for many 
applications, PGAs have the disadvantage of large, discrete 
gain steps, such as gains of 1, 2, 4, and 8. For higher resolu- 
tion gain steps, you must use a different approach. The cir- 
cuit in Figure 1 can digitally control an amplifier's gain over 
a ±40-dB range. The circuit has a programmable-gain reso- 
lution of 1.25 dB and can attenuate or amplify the input sig- 
nal, depending on the digital code you apply. You could use 
this high-resolution PGA as the front end of an ADC and 
thus obtain increased dynamic range. The circuit is also use- 
ful as a di^taJty controlled audio pre- 
ampliaet 

The circuit is based on the VCA610 
voltage-controlled amplifier, ICy This 
IC amplifies or attenuates the differen- 
tial signal between input pins 1 and 8, 
depending on the voltage you apply to 
the Vj. gain-control. Pin 3. The equation 
relating the gain of the VCA610 to is 
A=10"Wc+l). can vary linearly over 
the range of to -2V, represenling an 
wapUfier-gain lange of -40 to -i-40 dB, 



Table 7 — gain and 
vs digital input 
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respectively. The circuit uses a 6-bit digital word to set the 
gain of the VGA610. A simple binary DAC converts the dig- 
ital galn«Mitrpl code to the conespondixig V,. controi volt- 
age. 

The DAC comprises op-amp 1C„ binary-weighted resistors 
R, through R^, and feedback resistor R^. IC^^, configured in 
inverting mode, drives IC^'s gain-control pin. IC,, a CMOS 
noninverting driver, buffers the digital input code and pro- 
vides simple reference-voltage levels of and 5V for the bina- 
ry-weighted DAC resistors. Each of IC/s outputs typically 
has an output impedance lower than 50ft to either ground 
or the 5V supply. To minimize the DAC 
resistors' loading effect on lC,'s outputs, 
the values for R, thfough R^ are such that 
the most-significant-hit (MSB) resistor, 
R(, is 10 kXl, and resistors R^ through R^ 
are binary multiples of 10 kil. 

To further ensure that 1C[ can pull up 
the MSB resistor, R,, to near 5V, two out- 
puts connect in parallel to provide 
increased drive. If you use ±1% or better 
resistors fot t, thrmigh R^, the DAC pro- 
duce a Koonotonic output at 6 bits. IC^ 
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has a maximum offset voUagc of ±0.5 mV and has FF'l injmts 
whose bias currents cause no additional offset error for the 
DAC. R7 is one-fifth of R,. or 2 kfl, setting the to -2V (aau- 
ally, to -1 .96875V) transfer range of the DAC. The positive 
full-scale gain of the amplifier is 40 dB minus one least sig- 
nificant bit (LSB), or 38.75 (IB. You can adjust the value of 
to change the range of ti k 1'>AC, as long as the voltage to the 
V^. pin remains approximately to -2V. 

Table 1 shows the relationship between the digital code 
to the resistor DAC and IC^'s control voltage and gain. For a 
6-bit DAC, the gain-step increment, or least significant bit 
(LSB,) Is 1.25 dB CLSB^ dB/2*), For ina^sed accuracy and 



resolution, you c;m use a 12-btt DAC (Figure 2). Connecting 
pins 2, 3, and 9 configures DAC ICj for an output range of 
to lOV. The DAC813 has internal data latches for the 12-bit 
digital-input code, which you write to the DAC by momen- 
tarily taking the WR signal low. The circuit uses only the first 
10 bits of the DAC, providing a gain-step resolution of 0.078 
dB (LSB=80 dB/2'O), or approximately 1%. Op-amp stage IC^ 
inverts and attenuates the to lOV range of the DAC to a 
corresponding range of 6 to -2V. (DI #2084) 
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A simple DAC and a voltage-controlled amplifier allow you to control gain over an 80-dB dynamic range. 
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Simple regulator monitors its input voltage 

Larry Suppan and Luong Huynh, Maxim Intbgrated Products, Sunnyvalb, CA 

Two- and three<ell portable systems, such as 
medical sensors, often monitor their battery 
input to obtain an early warning of a loss of bat- 
tery voltage. Typically, this warning is a digital sig- 
nal that a comparator generates and then sends to 
the microcontroller. The circuit in Figure 1 pre- 
sets one side of a dual linear regulator to generate 
2.84V at 100 mA. The other side operates open 
kJop, as a comparator, to generate the lovv-baitery 
warning. Both sides are capable of delivering 100- 
mA output current. Resistors and determine 
tj*e low-battery thieshold, according to 

^2 

1.25(130ic + 100k) 




100k 



= 2.875V. 
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{EH #2089) 
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Thts simple drcuit generates a 2.&4V, 100-mA supply voltage and mon- 
Itors Iti own Input viritagK 



Listing 1 — basic routine 
for factoring , 



Basic routine sin^Hfies fectoring 

Alan Land, Keystone DmnAL Co, Pittsburgh, PA 

Logarithms greatly simplify mathematical operations. Fac- 
toring, however, presents a problem: Pocket calculators are 
clumsy when it comes to that operation. The program fac- 
tor.bas (Listing 1) is a convenient alternative if you want to 
obtain results in 3 minutes or less (that is, turn on the com- 
puter, put the disk in the b: drive, select "qbasic," run the 
program, enter the numbejr, obti^ results, and go back to 
work). 

The input range is integers-tmly, Irom 2 to 2,147,483,647. 
The largest prime number is 131,071, the 12,251st prime. 
The program produces complete or incomplete factoriza- 
tions. Incom|)Iete factorizations are aiways rorret i hut have 
a factor greater than 131,071. A complete factorization 
ilways appears with all terms in parentheses; for example, 
120=(2 3)*(3 1)*(5 1). 

The incomplete factorizations appear as 

65,289,755=567,737*(5 1)*(23 1). 

Yet a third form.at is 

S67,737=(567,737)*. 

The third format indicates that the number is prime. 
Within the range that the program dtes, enter only the Inte- 
ger — not any symbols, such as commas or decimal points. 
The range, and the number of primes, 12,251, are 

based on QBasic's long-integer array mechanism. It fust so 
happens that the 12,251st prime is also 2'='-l. Make sure that 



factor: ELS : LOCATE 12. 37: PRINT • WAIT! ■ 

DIM p&(12260): DIM b4(15): DIM et(15) 

p4(0) « 2: ax - I: x& >= 3: p&d) > 3 

DO: kJ - I: )<S • x& + 2: n = SQR{x&) 
*: IT si MOB T>&(W) = THEH GOTO c 

If pUkX) > n THEN GOTO b 
W = U + 1: GOTO a 
b: aX = aX + I: piiaX) = x& 

c: LOOP UNTIL x* > 131071 

4: CL5 : ERASE b*. eX: eX ^1: a* = 0: kj = 

INPUT "Enter Integer: limit is 2147483647 V x»; m ' O, 

DO 

e: IF w& MOO (p*(M) - e*) o THEN GOTO f 

ON ERROR GOTO h 
e* = e« + 1: GOTO e 
f: el = eJ - 1: IF e* = THEN GOTO g 

bSCaJ) = p&im: eXW) ' eX: a* = aSI * 1 
*a - HS / fp&(k« - aSJ 

IF w& = 1 THEN GOTO i 

g: k* = k* + 1: e* = 1 

LOOP UNTIL k* > 12250 
h: PRINT x&: "= w&: "*-; : GOTO J 
M = 0: IF a* = O THEN GOTO 1 

PRINT ■(■; bSCk*): eXikX)^ Ti 
IF kJ; < a» - 1 THEN PRINT 
IF kJ = al - 1 THEN GOTO 1 
W - kS 1: GOTO k 

PRINT : INPUT 'Enter 1 to exit, hit ENTER key to contlm*'- 
IF a* = 1 THEN END ' FACTOR. BAS by A. M. Law) 
GOTO a 



ymi do not use a tracer on this program; you need to reset to 
get out of the loop. The program takes approximately 1 
minute to load all the primes. With the tracer on, loading 
might take about a day. (You can download Listing 1 from 
BDN's Web site, www.ednmag.com. At the registered-user 
area, go into the Software Center to download the file from 
DI-SIG, #2083.) (DI #2083) 

T« Vote For This Design. Circle No. 3t7 



1W ■ EDNSeftembek 72, 1997 



